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Ltzmxhz>o 

[0 0 4 4] 

hi 1 <7)[u^(i, ^-f*-K3, A^mmwm&frhtthyj vmi 2 £ 

I^6i, m BSJg £ <*: (D^zitM L £ SvJK^ ^ A * - K 3 , 4 

£ n£ - vn 1 2 tc»f£A-r & £ a k» ^ * - k^j i 2077- k^t^ 
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[0 0 4 5] 

2 >km$kmMfct)m& i 8 ^n^-cio^, 2 ^w^:«vjfLtti^jiiis& i s 

* 8 <DU V9 ?l±nW.< 7 IK, NPN^7>y^n (D^<-Xl±y 

2 (Dry- Y^K^it^ffiW^^-x^ho &M*im%z5i±, 

b'mi 2 COT y- K3fT-?>SJ±i:*/*- K2C0T7- K^T-co«I± co^ 
mffi^NPN h y 8<0^-X • i 5 y 9 P^Kl**^ ti& X d i:^otV> 

o 

[0 0 4 6] 

in i (Dmmz&^x, mums ^hmth^ti^m^ 10 a, «?,t^7 7>£> 
^m^ti^m^ it a, ^-r R2coyy- raT-om^ vi ^ 

7>iJ7,9cr>mnnm% is t-t&o n<dm*?j v2<Dmm. ( 

EI 1 U&^-c 1 ) £ Lt, 

VI =NVT 1 n (10 / IS ) - (2) 

V2 = (N+l) VT 1 n (IT/IS) ••• (3) 

VT =kTa/q ••• (4) 

[0 0 4 7] 

N P N h 7 > ^ 8©3V^?fI^ I 2fcfSt, 

I 2 = IS • e x p I (V2-V1 ) /VT } ••• (5) 

[0 0 4 8] 

^ (2) . (3) , (4) X 19. 

I 2 = 10 (IT /I0 ) N+1 ••• (6) 

[0 0 4 9] 

ffifE#2 003-3105576 
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Ta >T0 



IT = | (Ta-TO ) /TO I I 0 



- (7) 



Ta ^TO 



IT =0 



- (8) 



[0 0 5 0] 

S».7{±, ^liSSTa 75 ? *m?mJtTO IZ^L^frXlZ&mumT 

m (Ta-TO KJfcffilLfcWSfc) IT 4: ^>f K#) 1 2 KHftffi-T&o ^ti 
, 5£ (6) , (7) «fc «K Ta >T0 KiJ^T, 

I 2 = 10 I (Ta-TO ) /TO I N+l ... (9) 

2{±. Ta-TO <D^mzi£m-tZ>o N= 1 &fb(i\ Wit I 2(iTa-T0 02 
*K.lt#!i1-&o 

[0 0 5 1] 

H 1 OHJS&tC&^T. Ta ^TO &«bf;f, 
IT =0 -(10) 
Ta <T0 &<bfi\ 

IT = I I Ta-TO I /TO I 10 —(11) 
tf&*$LtL-tZ> i><Dt-f-& Ta <T0 fc*3V*-C\ 

12 = 10 II Ta- TO I /TO I N+1 - (12) 

[0 0 5 2] 

' J£l±0 1 is 0 , 2^K^m^m^JliIl^l SfcitUdT, ^HfiJgTa 

to t<7)m<v2mizitmLtzm.iMz v^yv*? scomtf^^u-r^^t^ 

. [0 0 5 3] 
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y^M4^-^i:iS?ti4, h7>y^^l 1, 1 4 tf> n 1/ ? * 

mzti. ttz, m^^T-2 o tc^M$tL^ 0 

[0 0 5 4] 

5 5, 5 6tfV$ A&KxZti&o — 3S\ b?>i?X9 1 1 tWMM 
[0 0 5 5] 

? 9 - 1 1 0^-*K3l&U Z<?>mE.KJBZtzWMi>*b 7>yX^ 1 0, 11 
<7)n lx^ ?frhiiMlti-f& 0 b 7>i?7 9 13 ZJi-LX b?>i?7? 1 0 <DuV9 
^ C ^foW f 7 > y ^ ^ 1 4<D=iU7 9 CtAt^o 

[0 0 5 6] 

tti2j£ro?-2 0t:i±, h7>y^^ 1 0^3l/7^1Ifi: F7>y'X^ 1 1 <7) 
[0 0 5 7] 

^ T% Hi <D^^M^>mK 5 5 , 5 6 7« x_ h MUm £ R T t U 12(7) 

R T = R 0 jl + a (Ta-TO) +b (Ta-TO) 2 ( — (13) 
RS = R0 |1+A (Ta-TO) + B (Ta-TO) 2( ... (14) 

[0 0 5 8] 

tfctiE# 2003-3105576 



(&m 2 0 0 3 -0 4 1 1 2 1 ^- v : 23/ 

«&-tf n 1- & £ t # & o s £ , f5 2 oaft^Sfcojatn: * *° v n > -effM 

1 4 t±, 

RT = R 0 I 1 + a (Ta-T 0) ( —(15) 
R S = R 0 -(16) 

[0 0 5 9] 

J£JUb&»fc, h5>y^^l 1 603 9WitL* I 3 tlrZ 
13=12 • R T/R 0 

= I 0 • a | (Ta-TO )/T0 I 3+ i o I (Ta-TO )/T0 I 2 

- (1 7) 

[0 0 6 0] 

tBMT-2 0 Ioutfi, fcSlEI 3frt>WMI 4 ^if Lt, 

Iout=I0-a I (Ta-TO ) /TO I 3 -(18) 

[0 0 6 1 ] 
[0 0 6 2] 
[0 0 6 3] 

Ell tOitWi, PNP F7>yX^ 3 2<D^-* • 3l'^^giUx< 
7^CF7>y^M PNP F7>v^^3 2 &LK4 2 <D 

J-Z v? izMtiLM 7 <DW,m I T £ £P#n Ltv^ *T*& & 0 ft > ^t-K2 2li 
„ PNP h7>v^^x5 7^7/- Kfc L> nW**. -^-X(7)itlil 
V- Vt LXW)V?mtX^2>o 
[0 0 6 4] 
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-OidCLT, IIS 7 ^tifClE- C/; 2 h 7 > v 7 ^ O^ - ^ • x. 

\ ramEE £ ^ * - k 2 iotE t l r w n m t „ mmm* 6 <7>m»fL i o <om 

LTHf5 tti LO»4o 
[0 0 6 5] 

m 3 *±, *&W0>mmktk®toiz&& 3 ^Mt&f&^niK^fe 3 ^mmim*^ 

[0 0 6 6] 

H3<7)[uj^(i, ^isfc± tb-r— sc^msE^^^r k 1 0 2^<baEm-t-& 

J: "9 £0er>f K 1 0 2 y- KS^lS^tffit -6 f^Oltl 1 0 6 
> JiHiSJg SmSS t OMCJrbM L fcmSfc**^>f t-Kl 0 3, 1 0 4t*f 
tiLZfitzyj Jr- Yn 1 1 2 75^i,tmi-£<fcdK|£^-f;*-- K?ijl 1 2<D*V- 

vttfrbmffi*mm+&t:&<DnMmi o 7^^iitv^ 0 sttii o 6 

[0 0 6 7] 

2 >km&mffi.mti®& 1 1 8 ^litfc^ 2^Mmmi/tm^nii^i 

18li, PNP F^/y^^ 1 0 8 1 0 5 tt«?tLti/>S 0 

PNPh7'/vX^l0 8©3U7^lilS< ^-@S& 10 1 PNPh7> 
^108 (D^-X&yj *~ K^IJ 1 1 2<Dijy- KSB^-tC-etL-r^M^tL 
tv>So ?I#ifi|iSl?l 0 5(±, r-f Kl 0 2(DJiV- Vtm^onE.liZmL^ 
mi±^PNP F7>y'X^ 1 0 8<7)^5 ^tCtt^-T^) «t -9 K> lE7tn7t 
LTtMbi" & *> <Z>"C<fc £ „ L tztf-oX^ ¥4* - h*m 1 1 2 O 77 y - K^Ol 
EE * - K 1 0 2W*v - K^T-<7)mBE <h <0H«JE^P NPf7>y'XM 
0 8<7)^-x • -x^ y =t o t:^oti/^ 0 

[0 0 6 8] 

m3<D®miz&\,*X^ till 0 6CtAt^tI^I0 iL, tISl0 7 
IzffiX-T hMM* IT fcU K 1 0 2^77 y- KSSH^mJES: V101 £ 

l, y>(*-vm\ i 2©*y - K3»iP<*>ms£vio2 fci-*<, ^ 7t=. 
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WM 2 0 0 3 - 0 4 1 1 2 1 ^- v : 25/ 

I 0 2<DmW\ t Lt, 

V101 =NVT 1 n (10 /IS ) — (1 9) 

V102 = (N + 1) VT 1 n (IT / IS ) -(20) 

VT = k Ta'/q —(21) 

[0 0 6 9] 

PNP hy>iS*?l 0 8 (7) n V 5 * MM* I 2 t-fht, 

I 2 = IS • e x p | (V101 -V102 ) /VT I - (2 2) 

[0 0 7 0] 

^ (19) , (2 0) , (21) 

I 2 = 10 ( IT /I0 ) N+1 — (2 3) 

ft &o 
[0 0 7 1 ] 

Ta <T0 &£>fi\ 
IT =10 II Ta-TO I /TO I -(2 4) 

fifcjzlU Ta SsTO &£>(2\ 

IT = 0 - (2 5) 

[0 0 7 2] 

of 0. mv«l 0 7(2, ^iSSTa T^if^KTO ^Lv^Xti^lS. 
JtTO X <9 *>fcv*l#£-K(i^>r*- KT01 1 2^<b<7>mtorLffi£«U SB 
SJ^Ta 7&^m?mJgT0 X MS^^teiSB^STa < Z> IZ-Dtixm 
tJPi-^mvrL (Ta-TO HJt^!lL7t«^) IT £ ^ K?iJ 1 1 2frhfflft-f 
%>o Z<Dt£, ^ (23) , (24) «fc «K Ta < TO ICJSV^T. 

12 = 10 I I Ta-TO I /TO 1 N+1 -(2 6) 

jWb*L&o L^oT. P N P h 7 Vy^ ^ 1 0 8 On V ^ ^ ^tjttiit«&t 

II 2(i, Ta-TO (D^^m^itmir h 0 N=l££>f£\ «»£I2t±Ta-T0 
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[0 0 7 3] 



ttz, m3 <nm$&Ki3^^X, Ta< TO &<bti\ 



IT = 0 



- (2 7) 



JjfclZU Ta <T0 



IT = 1 (Ta-TO ) /TO I 10 



- (2 8) 



7^#*J&5zl-t& &<7)£1-& Ta ^TO tC;fcv>T> 
12 = 10 II Ta-TO I /TO ( N+l 



- (2 9) 



[0 0 7 4] 

vx±.<nt&*)^ 2^MmmrLtB^nis&i 1 8nitL(i\ j^HasTa t&m®. 

[0 0 7 5] 

h 7 y 9 1 0 8 <Du V9 9tf^ l«7>y^n0 9W3l/^, ^ 
-Wh7>y^^llO, 1 1 l^-^Cgl^^L-So F7>y^^l 
1 Oconp^^fi, h7>y^M 1 3031^7^, ^-^U 5 ' h ^ > * 1 
1 4 <7)^-;Uc^M£*l& 0 F7>y^n 1 1, 1 14<03U7^(i*(:^ 
3tT-2 0«M£ti& o 
[0 0 7 6] 

fiSHt^tifcStl 15,11 6^*fA^2tl£ 0 1^7>yxn 
1 1 i:««T-P H 1^(±0 2(O^Jt^S$:^#x.^^l 1 7^A^£*t£o ft 
. F7>y^M 13, 1 14«xv^|±, HSKIi^^o 
[0 0 7 7] 

;<7)i^:Lth7>y^^ l 0 8 <Du V 9 zmt^m-fc CfzW.f±& b y > 
V7.9 10 9-1 1 1 cD^-vUZf^U - <7)l)±(:iJ:> i: f 7 > y^ 7 

110, 1 1 1 <Di V9 9 HitA-T&o h ?yV79 1 1 3 iftLX V v y V 7. 
9 \ \ 0<7)ziV9 9 WiUliZfc IS fzife<Dm : <nttf b "7 y 9 1 HWnl^^^f, 
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mi 2 0 0 3 - 0 4 1 1 2 1 ^- V : 27/ 

[0 0 7 8] 

fcb^SftT 2 0i:(±, h =7 > * 1 1 0 <D =r !✓ * * m^ffi ib7>y^n 1 
1 W n 1/ ^ ^ HI<7)i i: i o 1 4 i ^ ti^> f(7)tl^^ $ ti^> 0 
[0 0 7 9] 

^c-c\ mi^mi^M^mtiLi 15,11 6«i«i^Rstu m 
2 (Dum^M^mm 1 1 7^nx.^>t£t)Lfft^RTti-^o ttz, mi^m^M 

i^ppm/icfcu b<nm.*^v t-tz>^ t o zh\,z^ m2<D^m 

RT = R0 i 1 + a (Ta-TO) I ••• (30) 

RS = R0 —(31) 

[0 0 8 0] 

&±frb, F7>y^? 1 1 l^npnil^ I 4 
14=12 -R0/RT 

= - I 0 • a { (Ta-T0)/T0 | 3+ i o | (Ta-T0)/T0 I 2 

- (3 2) 

[0 0 8 1] 

ffi^jSH^ 0 <7)«y^ IoutiJ, «H£ I 3 *^*StE I 4 LT, 

I o u t = I 0 • a I (Ta-TO ) /TO I 3 - (3 3) 

[0 0 8 2] 
[0 0 8 3] 
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[0 0 8 4] 

El 3 tcoiiv^i, NPNh7>y'xn3 2«^-^ • ^ u ^ ^ 
giLTi^ ^Ch7>y^M4 2»^-^^lL, NPN hv>v^^ 
1 3 2&£/l 4 2(7)^.^ y 9frhnMM\ 0 7C01II T £flfEtti £-£T^& "ST* 
i^k ^t-Kl2 2li x N P N h 7 > * ^^i*y-KtL 

[0 0 8 5] 

iWi^CLt, mvM 1 0 7 comv£fll^JS D tz 2 1@<7) h ^ y V ^ 9 O^- * 
• y ?f$^j£%ys(^- K2 j@c7)«/±t LTJR^aiU *M1 0 6 Oil 

i o<Dm^fc£tz i to b =>yv7.>?<D^-7. • z- \ ? ? mn,j±% ? j * - ki 

[0 0 8 6] 

n 5 1±, *^omi$c^[di^^#^ 3 ^p^m^is]{^<7)^ 5 (Drnmmz^ 

[0 0 8 7] 

v^T^ai*y)fL^Jife^ti^avM7 ^iiti^o Z\<DM : a 7 <n— ^£ V4 * 
-K3, 4«^^:^t - K^iJ 1 2W77- KS^iiL, ^-f 
t-K1 0 3, 1 0 4 -efitJ&£*i7*:^ K?iJ 1 1 2W*V- K^H^-T& 

0 «5 M&^SJtKJo^T, ^ 1 1 2 tcSJE^H^ 

u ^m^SJ^±tciov^Tr-r k^ij 1 2 nmj±7!> ? Mi-t-& 0 -73. r>r 

K2, 10 2 JCt±iajSH*tLT— 5cO«S£I 0 75»mttTi3 , ifiJKKttLT— 5e 
[0 0 8 8] 

- --e, mmumz *> ifiv^ci^t, r^r*- k?di i 2 t^t- k 

1 0 2<DiJ V- K<7)^mJE>$ ? 2^Mmm^#i[al8§ 1 1 8 iz-fj-z. btiX h 9 > v 
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0 KW<fl*$Lm.-tZ>o 
[0 0 8 9] 

*msjgj^±<7)^n^v^T, r-r K?y i 2 <t *- K2 07/ 

- K<7)MSJ±^2 -^Mm«rL^l3li^ l 8 \z^^hftX h 9 > * 8 H 2 -^M 
[0 0 9 0] 

[0 0 9 1 ] 

y 

[0 0 9 2] 

2^MmmvrLmtlllll^ 1 8£f#J&i|-£ F7>y^n«3l/^a 

h7>v^? 2 5, 2 6 .h^m^ ? -m&ZMJ&LX & *K h7>y'X^2 6 
<7)r?l^^ 9 Wffi.* K3 0 ^ 4 0 Olffiic^^iJ^^n-r^o 

[0 0 9 3] 

^ K4 0 0X7- KOlffi^ F7>yX^ 8 0^-^t:^x. 
, K2 0Ty- KmEE^ v^yv*? 8 0«x^ -y ?H#x.;*> 0 

[0 0 9 4] 

in 6 <7)[iro;i3v>-r, mv^6 ^fbj#m$tL^m^^ io tu h^>v** 
2 6 ^<bt#m£*i£m»fL£ i 2 tu r^f^-- K2c7)ry- K^T-omffi^vi 

h U ^t-K3 0, 4 0 HJ:£^ K?|07y- K^OIE^V 3 t 

-t-& 0 *7t, kw h 9 yis*9(DMmmii* is <t-t£ 0 

VI =N • VT In (10 / IS ) ••■ (3 4) 

V3 = (N+l) VT 1 n (IT/IS) -(35) 
VT = k Ta /q - (3 6) 
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[0 0 9 5] 

NPNh7>yX?80<O3l/^ 9 MM* I o u t 1 <h1"£ 

I o u t 1 = IS - exp I (V3-V1 ) /VT I ••• (3 7) 

[0 0 9 6] 

S (3 4) , (3 5), (3 6) S.^N= 1 «fc •) , 
lout 1 = 10 (12/10)2 

= 10 (Ta-T0 ) 4 - (3 8) 

[0 0 9 7] 

i:t% Ta is TO ft h (i\ 

IT = I 0 I (Ta-TO ) /TO I — (3 9) 

j££U Ta <T0 

IT = 0 — (4 0) 

[0 0 9 8] 

Z<Dt%, Ta ^TO K£V>T. 

lout 1 = 10 (Ta-TO) 4 —(41) 

[0 0 9 9] 

L£# s o NPNh7>y^^80O3l/^ KigUKS I o u t 1 

(i, Ta-TO <Ds<£m~}tMir2> 0 N = 1 MM I o u t 1 (±Ta-T0 

<7)4*HJt^Ji-^o 
[0 10 0] 

[0101] 

116 t<Dim^li. PNPh7>^^3 3©^-^ • nl/^^^ftLtx^ 
y * h 7 > ? 4 3 CO^-^ U P N P F7>y^^33 <?)x < y * 
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i>z v 7 y VTs ? 2 6 <vniFi i 2 u pnpf7>vxn3 <7)i y ? \z 

[0 10 2] 

^o^-* • ^ 9 mms.* r 4 * - Y2m<vn&.t lthij mu m?«6 

^«V)fL I 0 <7>^J£ 1 <@<7) h 7 > ^ <7)^-* ■ JU^ y 9 F^ffi £ 9' 4 * 

- K 1 m<vmi±-t LT^I9 ttJ Uv^ 0 

[0103] 

m 8 (±, *5kw<nm$k&*k®mzm2> a >mw££.®&<vm 3 ^m^i^^ 

[0 10 4] 

x d ni^^M t-Ki o 2w*v- vM^frhmffi*miti-f ztzvxnwmw l 0 

6 t , j^H^S <b S^UJt t (7)M^Jt0!) L timMifi9 '>f t-Kl 0 3, 1 0 4T* 

K^iJ 1 1 2 7)^yJfLttli-^ <fc n izmy^-t- K^iJ 1120*V 

- FM¥frhnm.t:mmi'&tz&<nwxMi o 7 ^tx.tv^ 0 ^usi 0 

6,10 7<7)«(li«?-i:ti$tLS 0 
[0 10 5] 

---r% 2>xm&mm%;tk®&i 1 8zm*.x&n, 2 >xm%tmm%£.®m 1 

1 8(i, PNPh7>y^M08t, 46$ 1 0 5 £-Cfl*j£$*LTV>* 0 

PNPF 7 >yXM0 8 <7) n 1/ ^ ^ (imvrL ^ 9 -Elg&KSM^Sti, PNPF7 

tL-cv^ 0 iggittstii o 5(±, y-r ki o 2<Dijy- ra^omi±^^L 

^lE^PNP h7>vXM0 8 0i5 7 ^tc^i-^ X o 1S7^-DT 
atiit^^t^So LTtr^oT, r>f*- K^iJ 1 1 2<7># V- K^T-O 
«EE t * - K 1 0 2<DJjV- KSfOlE t O^mffi^p NPf7>vX^ 
1 0 8<7)^-* • y ?ffliZi&%£Zti2> X n tC^oTv^ 0 
[0 10 6] 

2 *IW&S»iEf&£|sI8& 1 1 8KJ:*Ui\ /i3B*SJtTa tSffiSTO <h<7)M<7> 

thSE# 2003-3105576 



#SI 2 0 0 3 - 0 4 1 1 2 1 ^- v I 32/ 

o 

[0 10 7] 

2 &M$cmffi.§k£.m& l l 8 £fiJ&1-& h7>^M0 8»3i/? 
h7 > * 1 2 5031'^, ^-^^F7>v^ ? 1 2 6 co^c-X t 
mm-fZo h7>y^n 2 5, 1 2 6 fc-cmSIE^ 9-®K*^L-Ci5«9. h 
7>y^^l2 6<7)3l^^^m?jfL^^-r^- Kl 3 0 t 1 4 0 Offlgilg&Wkzfil 

[0 10 8] 

^>f *— K 1 4 0W*y- KOtE* h7>y^? 2 0 8 w^-xi: 
^ Kl 0 2©*V - K«EE£ h7>y^^ 2 0 8<7)^^ y ^H-^-x. 

o 

[0 10 9] 

dO«t 9 CLt, PNPf7>y^n0 8<7)n ? t:IIt-E.tI I o u 
t2t±, (Ta-TO) ^l*i:Jt«t^ 0 N = 1 /^If, til o u t 1 li 
(Ta-TO) <D4miZ)fcm-fZo 
[0 110] 

IH 9 (±, *$&i»tf>M»g&£IIIi&K&* 4*W&||£|ali&<7>IM <oMli^ 
[0 111] 

* - K 3 , 4-C«^^tL^^-r K?iJ 1 2<r>TS- K#fc«MSEU ZhiZ. V 
4 *-Kl 0 3, 1 0 4Ti#J&£*i£?*>f K?!ll 1 2W*y - K*fc£tt1- 

---e, igmjajgj: 19 ^i&v^jtuisv^-r, k#i i 1 2 cts^f 

- K2, 10 2i:iifif«tU-^tII OT^ttL-T&i?. zSJ£K*tLT— 
[0 112] 
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10 2©*V- KOlSE^2 #:H&«di£3§£lBlE& 1 1 8 \Z^z-hfiX Y 9 > v 
^^108C2 ^H9^m»fL^^^-r^o h 7 > 9 1 2 5 , 12 

6^^L-C^t-Kl 3 0, 14 0^yf L ti N y<i *- K 1 4 0 <Dii V- RC® 

Kl 0 2 ^£j£L7t:mj±£ K7>y'x^ 2 0 8 y ^i:4iS;tt:J;ot 

[0 1 13] 

— yj\ 3femiajsm±^i5v>T, ^>r *- \?m 1 2 1 ^ K2 <or / - ko 
i®±^ 2 >km%kmwL&t)®$& 1 8 jc-^x. <b nx y ? y vt. * 8 k 2 #cH&mac 

££/&1-&o £0*S£j&«, h7>vX3'2 5, 2 6 ^iMT^t-F3 0, 4 
OCia, t - K4 0(7)7 7- Ki:l)±^W^o Z<DWl±Z h9>z/X 
^8 0^-7C4£, —7j, ^-f*- K2 K^JfltLfcWJEE* h9>v** 8 0 

[0 114] 

F7>y^^ 8 b 9 7yX 9 2 0 8(7)31/^^2 OCiiLt, 

[0 115] 

ft, h7>yx? 8 0, 2 0 8O#ni/7^t^2 0t<7)^i:iitS^7- 

ejk * mxmm-r %> - 1 § & 0 

[0 116] 
[0 117] 

h 8 0«al/^SII 4 KW\ m 6 KU3lt& I o u t 1 OlgyJft^ 

: Mfi2> 0 f7> ^80(7)31/^^ {±mi/f ^ 9 - 01^ 1 O h 7 > ^903 
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o u tfi, i^:xi«v^5^Mi5:<7)S^^ttilJ^tL-?> 0 
[0 118] 

0 i i9 , I 4 d*, 
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4-4St^ 0 ;ott^, F7>y^^ 2 5, 2 6 ^LT^t-K3 0, 4 
^ t- K4 0<7)Ty- K(:tE^n o :^tJ±^F7>y^ 
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